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METHODS AND APPARATUS FOR PLASMA PROCESSING 



CROSS-REFERENCE TO RELATED APPLICATIONS 

The presait application claims priority fiom United States Patent Application S/N 
5 60/208,009, entitled METHODS AND APPARATUS FOR PLASMA PROCESSING, filed 
26 May 2000, ibs contents of this spplication is incorporated herein by reference. 

TECHNICAL FIELD 

This invention relates to improved methods and apparatus for radio fiequency (RF) 
10 power plasma processing at pressures ranging firom about sub-atmospheric pressure to greater 
than atmospheric pressure. 



BACKGROUND 

RF pJasma is extensively used in a wide variety of applications for canying out 
1 5 process operations. The manufacture of semiconductor devices is one area in which plasmas 
are extensively used. During the manufacture of semiconductor devices, etch processes 
involving RF plasmas and deposition processes involvmg RF plasmas are used repeatedly 
during the febrication process. One of the main benefits of using plasma and downstream 
plasma species is the ability of the plasma to stimulate chemical reactions that would 
20 otherwise require temperatures that are too high for use m the fabrication of semiconductor 
devices. 

Plasmas are also used in cleaning processes in manufacture of semiconductor devices. 
The plasmas are commonly used to strip photoresist materials from semiconductor wafers as 
part of post etch wafer clean procedures. Resist material is stripped from the surface of the 

25 wafers by creating a plasma in a gas containing oxidizing species such as oxygen and 

possibly halogen species that are capable of reacting wifli and volatilizing the resist material. 
In some applications, the plasma is maintamed at a position upstream of the wafer. Reactive 
species generated in the plasma flow downstream and react with the wafer surface for the 
stripping process. Another cleaning process that uses plasmas is the cleaning of reaction 

30 chambers used in semiconductor manufacturing. 

RF plasmas have also been used for decomposition of chemical compounds that are 
hazardous or otherwise undesirable. Some of the compounds are highly refractory in nature 
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and are difficult to decompose. Examples of compounds tiiat have been decomposed or 
abated with plasmas include chlorofluorocarbons (CFC) and perfluorocompounds (PFC), 

Clearly, there are numerous applications requiring reliable and ejBBcient methods and 
apparatus for igniting and sustainmg RF plasmas. Unfortunately, typical methods and 
5 apparatus for old-style RF plasma systems have characteristics that are undesirable for some 
applications. There is a need for methods and apparatus for generating RF plasmas that are 
simple^ economical, and capable of operating at atmospheric and sub atmospheric pressures. 



SUMMARY 

1 0 This invention seeks to provide methods and apparatus that can overcome deficiencies 

m known plasma technology. One aspect of the preset invration includes methods and 
apparatus for generating plasmas at pressures ranging firom less than one atmosphere to 
greater than one atmosphere. Another aspect of the present invention includes methods for 
plasma processing. Still another aspect of the present invention includes ^paratus for 

15 plasma processing. 

One embodiment is a method of generating a plasma; the method being carried out 
using a microwave power source and a rectangular waveguide, the waveguide having an oprai 
end capable of receiving microwaves and a closed end, the open end of the waveguide being 
connected with the microwave power source so as to be capable of receiving microwave 

20 power, the microwave power source being capable of providing microwaves at a wavelength 
lambda, the waveguide having a gas entry port for flowing a gas into the waveguide, the 
waveguide having a gas exit port for the gas to exit the waveguide, the gas exit port being 
located at a distance approximately an odd number of quarter wavelengths lambda from the 
closed end of the waveguide so that the direction of die electric field lines is substantially 

25 pamllel to or at an angled to the direction of the exit gas flow, the method comprising the 

steps of: providing a gas flow through the waveguide so that the gas exits through the gas exit 
port; providmg microwave power to the waveguide so as to create an electric field in the 
waveguide at the location of the gas exit port; extending an electrically conducting member 
into the waveguide near the gas exit port so as to facilitate igniting the plasma, wherein the 

30 conductmg member is connected with an electrical ground, and 

coupling sufficient microwave power to the gas to sustain the plasma. 

It is to be understood that the invention is not limited in its application to the details of 
construction and to the arrangements of the components set forth in the foUowmg description 
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or illustrated in Ae drawings. The mvention is capable of other embodiments and of being 
practiced and carried out in various ways. In addition, it is to be understood that the 
phraseology and terminology employed herein are for the purpose of description and should 
not be regarded as limiting. 
5 As such, those skilled in the art will appreciate that the conception, upon which this 

disclosure is based, may readily be utilized as a basis for the designing of other structures, 
methods and systems for carrymg out aspects of the present invention. It is important, 
tiierefore, that the cleums be regarded as including such equivalent constructions insofar as 
they do not depart from the spirit and scope of Ae present invention. 
10 The above and still ftirther features and advantages of the present invention will 

become apparent upon considwation of the foUowmg detailed descriptions of specific 
embodiments thereof, especially when taken in conjunction with the accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 
1 5 FIG. 1 a is a diagram of a first embodiment of the present invention. 

FIG. lb is a diagram of a second embodiment of the present invention. 

FIG. Ic is a diagram of a third embodiment of the present invention. 

FIG. Id is a diagram of a fourdi embodiment of the present invention. 

FIG. le is a diagram of a fifth embodiment of the present invention. 
20 FIG. If is a diagram of a sixth embodiment of the present invention. 

FIG. Ig is a diagram of a seventh embodiment of the present invention. 

FIG. Ih is a diagram of an eighth embodiment of the present invention. 

FIG. 2a is a diagram of a ninth embodiment of the present invention. 

FIG. 2b is a diagram of a tenth embodiment of the present invention. 
25 FIG. 2c is a diagram of an eleventh embodiment of the present mvention. 

FIG. 2d is a diagram of a twelfth embodiment of the present invention. 

FIG. 2e is a diagram of igniter configurations. 

DESCRIPTION 

30 The principles of microwave power transfer for waveguides is well known. 

Discussions of microwave principles can be found in references such as Thomas S. 
Laverghetta, "Practical Microwaves " Prentice-Hall, New Jersey, 1996, Stephen C. Harsany, 
"Principles of Microwave Technology," Prentice-Hall, New Jersey, 1997, and John A. 
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SeegCT, '^Microwave Theory Components and Devices " Prentice-Hall, New Jersey, 1986. 
All these references are incorporated herein by this reference. 

According to microwave transmission principles, a rectangular waveguide having a 
cross-sectional width V and a cross-sectional fliickness "b**, where *V Vb", TEio mode (or 
5 a TBio equivalent mode) produces the largest electric field variation across Ifae thickness of 
the waveguide. Embodiments of the present mvention take advantage of fliis characteristic of 
microwave power transmission to produce a plasma using a waveguide without the need for a 
resonant cavity. 

In the following description of the figures, identical reference numerals have been 
1 0 used when designating substantially identical elements or steps that are common to the 
figures. 

Reference is now made to Fig. la wherein there is shown an embodiment of the 
present invention for generating a plasma in a gas using microwave power. The q)paratus 
includes a microwave power source 30 capable of providing microwave power having a 

1 5 wavelength lambda. The ^pamtus further includes a rectangular waveguide 40, shown in 
cross-section in Fig. la. Waveguide 40 has an open end and a closed end. The closed end 
comprises a conductive material so as to contain the microwaves. The open end of 
waveguide 40 is connected with microwave power source 30 so as to be capable of receiving 
microwave power fi-om power source 30. Waveguide 40 has a gas entry port 42 for receiving 

20 gas and a gas exit port 44 for releasing gas. For the embodhnent shown in Fig. la, gas entry 
port 42 and gas exit port 44 are located a distance equal to about an odd number of 1/4 
lambda fi'om the closed end of waveguide 40. In a preferred embodiment, the distance is 
about 1/4 lambda. 

The dimensions of waveguide 40 are selected so that for microwave power having 
25 wavelengfe lambda, waveguide 40 supports a mode equivalent to a TEio mode. Preferably, 
the dimensions are selected so that waveguide 40 supports the TEw mode. When supporting 
the TEio mode, the maximum variation in electric field through the thickness of waveguide 
40 occurs at locations that are an odd number of 1/4 lambda ifrom the closed end of 
waveguide 40. Consequently, establishing a net gas flow such as a gas flow between gas 
30 entry port 42 and gas exit port 44 produces a net gas flow direction that is substantially 

parallel to or at an angled to the direction of the electric field at an odd number of 1/4 lambda 
distance fi'om the closed ^d of waveguide 40. Furthermore, application of a sufficient 
amount of microwave power generates a plasma in the flowing gas. 
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Reference is now made to Fig. lb wherein there is shown tiie wnbodiment presented 
for Fig. la with the addition of an electrically conducting member 50. Member 50 is 
electrically conductive so as to be able to absorb microwaves. Member 50 extends mto 
waveguide 40 at a position near gas exit port 44. In other words, member 50 is located at 
5 about an odd number of 1/4 lambda distance from the closed end of waveguide 40, i.e, a 
distance that corresponds to the desired gas flow pafli. Specifically, Fig. lb shows member 
50 extending into waveguide 40 through gas entry port 42. For the embodiment shown in 
Fig. lb, member 50 is electrically grounded with electrical ground connection 54. In some 
embodiments, member 50 helps to stabilize the plasma and facilitates igniting the plasma. 

1 0 There are numerous embodiments for member 50. Mraiber 50 may include 

conductive metals and metal alloys such as, for examples, aluminum, gold, copper, brass, 
steel, platinum, titanium, tantalum, and tungsten. Member 50 may comprise a metal rod or it 
may comprise a metal tube. 

Reference is now made to Fig. Ic wherein there is shown the embodiment presented 

15 in Fig. lb with the addition of a capacitor 58. Capacitor 58 is electrically connected between 
member 50 and ground connection 54. Capacitor 58 electrically decouples member 50. The 
capacitance for capacitor 58 will depend upon the hardware configuration and the 
^plications selected for the hardware. For one embodiment, examples of suitable 
capacitance values range from about 20 to 300 pf, including all values and subranges 

20 subsumed therein, with a prefmed range from about 40 pf to 80 pt including all values 
subsumed therein. 

Reference is now made to Fig. Id wherein there is shown the embodiment presented 
in Fig. Ic with the addition of a conduit 59 for confining the gas flow through waveguide 40 
to the region near gas entry port 42 and gas exit port 44. For the embodiment shown in Fig. 
25 Id, conduit 59 is contained in waveguide 40. One purpose of conduit 59 is to prevent 

unnecessary exposure of the interior of waveguide 40 to the gas flowmg in waveguide 40. 
Conduit 59 is made of a material that is substantially transparent to microwaves; examples of 
suitable materials include polymers, ceramics, and quartz. In an alternative embodiment, a 
section of waveguide 40 may be isolated from the gas flow using a section of microwave 
30 window. It should be understood that conduit 59 is not necessary for the function of 
embodiments of the present invention. 

Reference is now made to Fig. le wherein there is shown another embodiment of the 
present invention. The apparatus includes a microwave power source 30 capable of 
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pjTovlding microTvave power having a nvavelengih lambda. The apparatus furth^ includes a 
rectangular waveguide 40. Waveguide 40 has an open end and a closed end. The closed end 
comprises a conductive material so as to contain the microwaves. The open end of 
waveguide 40 is connected with microwave power source 30 so as to be capable of receiving 
5 microwave power fiom power source 30. Waveguide 40 has a gas exit port 44 for releasing 
gas. Tlie apparatus fiuiher includes a gas injector 60 for providmg gas to waveguide 40. For 
Ifae embodiment shown in Fig. le, gas injector 60 and gas exit port 44 are located a distance 
equal to about an odd number of 1/4 lambda from the closed end of waveguide 40. In a 
preferred embodiment, the distance is about 1/4 lambda. 

1 0 The reasons for selecting the locations for gas mjector 60 and gas exit port 44 are 

substantially Ifae same reasons presented for the selection of the locations for gas entry port 
42 and gas exit port 44 for the embodiment presented in Fig. la. 

The dimensions of waveguide 40 in Fig. le are substantially the same as the 
dimensions of waveguide in Fig. la. Furthermore, conduit 59 in Fig. le has substantially the 

1 5 same characteristics as conduit 59 in Fig. Id. 

Gas injector 60 is electrically conductive so as to be able to absorb microwaves. Gas 
injector 60 extends into waveguide 40 at a position near gas exit port 44. In other words, 
injector 60 is located at about an odd number of 1/4 lambda distance from the closed end of 
waveguide 40 so as to correspond to the desired gas flow path. In addition to being capable 

20 of providing a gas flow into waveguide 40, gas injector 60 also performs substantially the 

same function as electrically conducting member 50 described in the embodiments in Fig. lb, 
Fig. Ic, and Fig. Id. It is to be imderstood that the grounding options for gas injector 60 are 
substantially the same as those presented for conducting member 50 even though Fig. le only 
shows grounding of injector 60 through capacitor 58 and ground connection 54. 

25 The apparatus ftirther includes a housing 70 connected with waveguide 40, Housing 

70 has a hole arranged so as to receive gas and plasma products from waveguide 40 through 
gas exit port 44. Housing 70 has a port for exhausting the gas. Optionally, cooling coils 78 
may be connected with housing 70 for controlling the temperature of housmg 70 during 
operation of the apparatus. Preferably, housing 70 is electrically conductive and electrically 

30 grounded. In other words, housing 70 preferably comprises a metal or metal alloy such as 
copper, aluminum, steel, and brass. Housing 70 further includes a connection 74 for 
generating a swirl gas flow in housmg 70. Connection 74 comprises a gas inlet connected 
with housmg 70 at a tangential angle so that gas ent^ing housing 70 fliroug^ connection 74 



6 



wo 01/93315 PCT/USOl/17266 



creates a swirl gas flow along the interior wall of housing 70. In a preferred embodiment, 
housing 70 has a cylindrical shape so as to further support the swfrl gas flow. Fig. le 
indicates the presence of a plasma 80 positioned above injector 60 and extending into housing 
70. 

5 Referring now to Fig. If whmin there is shown an ^bodunent of 4ie present 

invention substantially the same as that shown in Fig. le. However, the embodiment shown 
in Fig. If has gas injector 60 extending through waveguide 40 mto housing 70. 

Referring now to Fig. Ig wherein fhere is shown the e^paratus presented m Fig. If 
and a semiconductor process chamber 90. Semiconductor process chamber 90 is connected 

1 0 with the apparatus Fig. If so that exhaust gases emanating from semiconductor process 
chamber 90 can be provided as a component of the swirl gas provided to connection 74. 
Providing the exhaust gases from semiconductor process chamber 90 to housing 70 allows 
plasma 80 to abate undesirable compounds that may be present in the semiconductor exhaust 
For example, semiconductor process chamber 90 may be a chamber such as an etching 

1 5 chamber or a deposition chamb^ that uses perfluorocompounds that need to be abated. 

Optionally, the gas from gas injector 60 may include an ancillary abatement gas to fecilitate 
abatement of the xmdesuable components in the exhaust IBrom semiconductor process 
chamber 90. Gas and plasma products 85 leave housing 70 and may be further treated with 
liquid or solid scrubbing systems (not shown in Fig. Ig) and/or particulate filters (not shown 

20 in Fig. Ig). The liquid or solid scrubbing systems may include chemical compounds or 
solutions that absorb acid gases or other gases that may result from abatement of halogen- 
containing organic compounds, perfluorocompounds, and other refractory compounds. 

Referring now to Fig. Ih wherein there is shown the apparatus presented in Fig. If 
and a semiconductor process chamber 90. Semiconductor process chamber 90 is connected 

25 with the apparatus Fig. If so that gases and plasma products 85 from housing 70 can enter 
semiconductor process chamber 90 as feed gases for processes taking place in semiconductor 
. process chamber 90. Optionally, the swirl gas fed through connection 74 and the gas from 
injector 60 may include chemical species required for the processes to be performed in 
chamber 90. 

30 For example, chamber 90 may be a chamber such as an etching chamber or a 

deposition chamber that uses gases and plasma products 85 such as those that can be 
produced by plasma 80. Exhaust gas leaving chamber 90 may be further treated with liquid. 
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solid, or plasma scrubbing systems (not sho^ in Fig. Ih) and/or particulate filters (not 
shown in Fig. Ih). 

Referring now to Fig. 2a wherein there is shown an embodiment similar to the 
embodiment pres^ted in Fig. Ig. The embodiment shown in Fig. 2a does not substantially 
5 provide for a gas flow through waveguide 40. Waveguide 40 has a hole 46 so that plasma 80 
can extend from the ulterior of waveguide 40 into housing 70. The apparatus is configured so 
that Ifae gas, includmg the swirl gas and any additional gas can be cqpplied to housing 70 via 
connection 74 so ^t the gas fed to housing 70 creates a swirl gas flow inside of housmg 70. 
Unlike the embodiment presented in Fig. Ig, the embodiment presented in Fig. 2a does not 

1 0 have a separate port for feeding through waveguide 40. The additional gas that may be 

applied to connection 74 may include an ancillaiy abatement gas to fecilitate the abatement of 
undesirable species in the exhaust from the semiconductor process chamber. 

Referring now to Fig. 2b wherein there is shown an embodiment similar to the 
embodiment presented in Fig. 2a. Tlie embodiment shown in Fig. 2b is substantially the 

1 5 same as the embodiment presented in Fig. 2a except that a gas connection 76 is connected 
with housing 70 to provide another gas input to housing 70. Exhaust gases from the 
semiconductor process chamber are still provided to connection 74 to generate the swu-l gas 
flow. Optionally, ancillary abatement gases or other gases may be applied to housing 70 via 
connection 76. 

20 ~ Referring now to Fig. 2c wherein there is shown an apparatus similar to that presented 

in Fig. 2a. The embodiment shown in Fig. 2c shows waveguide 40 having a hole 95. The 
embodiment shown in Fig. 2c further mcludes an igniter 100 for aiding plasma ignition. The 
igniter 100 is an electrically conducting member movably connected with waveguide 40 
through hole 95 so that igniter 100 is capable of movement to a first positioned at which 

25 igniter 100 extends mto the interior of waveguide 40, as shown in Fig. 2c. Preferably, igniter 
100 is electrically grounded as shown in Fig. 2c through connection with electrical ground 
connection 54. Furthermore, igniter 100 is capable of movement to a second position at 
which igniter 100 does not substantially extend into the interior of waveguide 40 as is shown 
m Fig. 2d. 

30 Hole 95 and igniter 100 are positioned in the waveguide near ftie location for the 

plasma. More specifically, hole 95 and igniter 100 are positioned near port 46. In some 
embodiments, igniter 100 is positioned withm a distance of about 1/8 lambda 6om about the 
center of port 46. 
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In a preferred embodiment, igniter 100 is extended into waveguide 40 when needed to 
fecilitate plasma ignition; after ignition of tiie plasma, igniter 100 is substantially removed 
from the interior of waveguide 40. Movement of igniter 100 may be affected usmg a 
mechanical device such as a worm gear, pneumatic actuator, or solenoid actuator. Suitable 
5 linear actuators that can be used for moving igniter 100 are well known and they are 
commercially available. 

Igniter 100 may mclude electrically conductive metals and alloys. Some examples of 
suitable metals and alloys for igniter 100 are alummum, gold, copper, brass, steel, platinum, 
titanium, tantalum, and tungsten. 

1 0 Referring now to Fig. 2e wherein there are shown igniter 100 m a generic 

configuration and igniters 101,102,103, and 104 showmg examples of specific configurations 
that have been tested and shown to be capable of facilitating plasma ignition. It is believed 
that there are numerous suitable configurations. Testing completed to date mdicate tiiat 
igniters having shapes that include a ben4 or a turn, or a section at an angle to another 

1 5 section can provide superior results in igniting the plasma. 

Altiiough the examples presented herem involve using microwave power, such as 
microwave power at fi-equencies of about 2.45 GHz, it is to be understood that other RF 
frequencies can be included m embodunents of the present mvention. More specifically, 
suitable frequencies for embodunents of Ihe present invention include the full microwave 

20 spectrum as well frequencies above and below ihe microwave spectrum. 

Embodiments of tiie present invention can be used to produce microwave plasmas at 
about atmospheric pressure. Alternatively, embodiments of the present invention can be 
applied to plasmas operating at pressures other than approximately atmospheric pressure, 
such as at sub-atmospheric pressure or at pressures greater than atmospheric pressure. 

25 Plasmas operating at sub-atmospheric pressure, preferably, may be enclosed in a vacmun 
chamber. 

Another embodiment of the present invention includes methods and apparatus for 
abatement of gaseous compounds. Some examples of the gaseous compounds the can be 
abated include halogenated organic compounds, other refractory organic compounds, 
30 perfluorocompounds, and refractory inorganic compounds. In a further embodiment of the 
present invention, the treatment of gases is enhanced by the addition of suitable ancillary 
reaction gases includuag water, methane, hydrogen, ammonia, hydrogen peroxide, oxygen, or 
mbctures thereof. 
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Embodfaneaits of the present invention provide methods and apparatus for generating 
plasmas for semiconductor device &brication steps such as etching, deposition, cleaning, 
doping, oxidation, drying, photoresist stripping, parts cleaning, reaction chamber cleanmg, 
and annealing. &i one embodfanent, the plasma generation and the semiconductor device 
5 febrication step occur in the same chamber. In an alternative embodiment, the plasma 

generation occurs at the plasma location and reactive species from flie plasma are transported 
to another chamber for the semiconductor device febrication step. In one embodiment, the 
plasma chamber is connected with a semiconductor process tool so that the process tool 
receives reactive species firom the plasma. 
1 0 Embodiments of the present invention provide methods and j^paratus for removal of 

refractory compounds from waste streams. Refiactoiy compounds include compounds that 
show a high degree of stability with respect to traiperature and reactivity and are difficult to 
decompose. 

Embodiments of the present invention provide new and useful methods and apparatus 
1 5 for the destruction of refractory compounds such as perflucrocorapounds, such as carbon 
fluorides, carbon tetrafluoride, nitrogen triflouride, and sulfur hexafluoride by reactions 
facilitated by a plasma. 

Embodiments of the present invention provide methods and apparatus that are suitable 
for processing waste streams emanating from one or more individual semiconductor process 
20 tools and the apparatus can become an integral part of the semiconductor device fabrication 
process. In one embodiment, the apparatus is connected with semiconductor process tools 
such as chemical vapor deposition tools, plasma etching tools, plasma cleaning tools, doping 
tools, photoresist stripping tools, and plasma deposition tools. 

As one example, exhaust gases from the semiconductor process tools may be included 
25 in the swirl gas flow so that the exhaust gases can be abated by the plasma. In addition, an 
ancillary abatement gas may be included with the gas flowing through the waveguide that 
sustains flie plasma. The ancillary abatement gas can help to facilitate abatement of 
undesirable species from the semiconductor process tools. 

As another example, exhaust gases from the semiconductor process tools may be 
30 mixed with the plasma from an additional gas stream. As a third example, exhaust gases 
from the process tools may be applied to the plasma through the gas injector. 
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Embodiments of fhe present invention can also be used for q>plicatLons such as 
synthesis of chemical compoimds that are difficult to produce other than by using plasma 
processes. 

An unportant advantage of embodiments of the present invention is the capability of 
generating plasmas at about atmospheric pressure. The capability of producing plasmas at 
atmospheric pressure alleviates the need for e?q)rasive vacuum chambers and vacuum 
pumping systems. Furthermore, plasma processing at about atmospheric pressure may 
reduce the net energy consumption of the process because energy does not have to be 
expended in maintaming vacuum conditions. 

While there have been described and illustrated specific embodiments of the 
mvention, it will be clear ftiat variations in the details of the embodiments specifically 
ilhistrated and described may be made without departing from Hie true spirit and scope of the 
invention as defined in the appended claims and their legal equivalents. 
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CLAIMS 

What is claimed is: 

1 . A method of generating a plasma, die me&iod being carried out using a microwave paw&r 
5 source and a rectangular waveguide, the waveguide having an open end c£^able of receiving 

microwaves and a closed end, Ifae open end of the waveguide being connected witii the 
microwave power source so as to be capable of receiving microwave power, the microwave 
power source being capable of providing microwaves at a wavelength lambda, the wavegiude 
having a gas entry port for flowing a gas into the waveguide, the waveguide having a gas exit 

1 0 port for the gas to exit the waveguide, the gas exit port being located at a distance 

approximately an odd number of quarter wavelengths lambda from the closed end of the 
waveguide so that the direction of the electric field lines is substantially parallel to or at an 
angled to the direction of the exit gas flow, the method comprising the steps of: 

a providing a gas flow through the waveguide so that the gas exits through the gas exit 

15 port; 

b. providing microwave power to the waveguide so as to create an electric field m the 
waveguide at the location of the gas exit port; 

c. extending an electrically conducting member into the waveguide near the gas exit 
port so as to facilitate igniting the plasma, wherein the conducting member is 

20 connected with an electrical ground; and 

d. coupling sufficient microwave power to the gas to sustain the plasma. 

2. The method of claim I wherein the gas entry port faces the gas exit port. 

25 3. The method of claim 2 wherem the center of the gas entry port and the center of the gas 
exit port are about 1/4 lambda from the closed end of the waveguide. 

4. The method of claim 1 wha*em lambda and the dimensions of the rectangular waveguide 
support at least one of TEio mode and modes equivalent to TEio modes. 

30 

5. The method of claim 1 wherem the exit gas is at least one of about atmospheric pressure 
and substantially greater than atmospheric pressure. 
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6. The method of claim 1 wherein the electrically conducting member is connected wifli the 
electrical ground through a capacitor, 

7. The mefliod of claim 1 wherein step a. further comprises confining the gas flow between 
5 the gas entry port and &e gas exit port within a conduit, the conduit being substantially 

transparent to microwave power. 

8. The method of cljum 1 further comprising Ihe step of generating a swirl gas flow so as to 
stabilize and confine the plasma. 

10 

9. The method of claim 8 further comprising the step of providing a swirl gas from exhaust 
gas g^erated by a semiconductor wafer processmg tool. 

10. Hie method of claim 1 wherein the gas recited m step a. comprises a 
15 perfluorocompound. 

11. The method of claim 9 wherein the gas recited m step a. comprises an ancillary 
abatement gas. 

20 

12. An apparatus for generating plasma in a gas for plasma processing, the apparatus 
comprising: 

a microwave power source capable of providing microwave power having a 
wavelength lambda; 

25 a rectangular waveguide having a closed end and an open end, the open end of the 

waveguide being coupled with the microwave power source for receiving microwave power, 
the waveguide having a gas exit port for the gas to exit the waveguide, tiie gas exit port being 
located approximately an odd number of quarter wavelengths fr^om the closed end of the 
waveguide; 

30 a gas injector for flowing gas into the waveguide, the gas injector being connected 

witii the waveguide, the gas injector being arranged to extend into the waveguide, the injector 
being electrically conductive and capable of absorbing rf power, the injector bemg capable of 
connection with electrical ground; 

13 
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wherein Ifae dimensions of the waveguide supports a mode equivalent to the TEio 
mode upon application of microwave power having wavelength lambda so that the direction 
of the electric field lines is substantially parallel to or at an angled to the direction of the exit 
gas flow and application of a sufficient amount of microwave power generates a plasma near 
5 the gas exit. 

13. The apparatus of claun 12 further comprising a conduit vsdthin flie waveguide for 
confining the gas flow through fiie waveguide, the conduit comprising a material 
substantially transparent to microwaves. 

10 

14. The apparatus of claim 12 further comprising a housing connected with the waveguide^ 
the housing having a hole for receiving exit gas from the waveguide, the housing having a 
port for exhausting the gas. 

1 5 15. The apparatus of claim 14 wherein the housing is coxmected with a gas source so as to 
create a swirl gas flow into the housing. 

16. The apparatus of claim 12 further comprising a capacitor for connecting die gas injector 
with electrical ground cotmection. 

20 

17. A method of generating a plasma, the method being carried out using a microwave power 
source, a rectangular waveguide, and a housing, the waveguide having an open end for 
receiving microwaves and a closed end, the open end of the waveguide being connected with 
the microwave power source so as to be capable of receiving microwave power, the 

25 microwave power source being capable of providmg microwaves at a wavelength lambda, 
wherein lambda and the dimensions of the rectangular waveguide support modes equivalent 
to TEio modes, the waveguide havmg a port, the port being located approximately an odd 
number of quarter wavelengths from the closed end of the waveguide so that the direction of 
the electric field lines is substantially parallel to or at an angle to the direction of the exit gas 

30 flow, the housing being connected with the waveguide, the housmg having a hole for 
allowing fluid communication between the interior of the housing and the interior of the 
waveguide, the housing having a portal for exhausting the gas the method comprising the 
steps of: 
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a. providing a swirl gas flow through the housing; 

b. providing microwave power to the waveguide so as to create an electric field in the 
waveguide at the location of the port in the waveguide; 

c. coupling suflBcient microwave power to the gas provided to the housmg to sustain the 
5 plasma. 

18. The method of claim 17 wherein the housmg has a plurality of gas exit portals. 

19. The method of claim 18 wherein the center of the port in the waveguide is about 1/4 
1 0 lambda from the closed end of the waveguide. 

20. The mettiod of claim 17 wherein substantially all of the gas for the plasma enters through 
the housing. 

15 21. The method of claim 17 wherem the plasma is generated at about atmospheric pressure, 
below atmospheric pressure, or above atmospheric pressure. 

22. The method of claim 17 further comprising between step a. and step b. the step of 
providing an electrically conducting member extending mto the waveguide near the port in 

20 the waveguide, wherein the conducting member is connected with an electrical ground so as 
to facilitate igniting the plasma. 

23. The method of claim 22 wherein the electrically conducting member is substantially 
removed from the interior of the waveguide when plasma is present 

25 

24. The method of claim 17 wherein the swirl gas flow mcludes chemical species to be 
reacted in the plasma. 

25. The method of claim 24 wherein the swirl gas comprises exhaust gas generated by a 
30 semiconductor wafer-processing tool. 

26. The method of claim 17 wherein the gas recited in step a. comprises a 
perfluorocompound. 
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27. The method of claim 25 wherein the gas recited in step a, comprises an ancillary 
abatement gas. 

5 28, An apparatus for generating plasma in a gas for plasma processing, the apparatus 
comprising: 

a microwave power source capable of providing microwave power having a 
wavelengfli lambda; 

a rectangular waveguide having a closed end and an open end, flie open end of the 

1 0 waveguide being coupled with the microwave power source for receiving microwave power, 
the waveguide havmg a port for the plasma and plasma species to pass through the port 
being located approximately an odd number of quarter wavelengths j&om the closed end of 
the waveguide wherem the dimensions of the waveguide supports a mode equivalent to the 
TEio mode upon application of microwave power having wavelength lambda; 

15 a conduit within the waveguide for confining the gas flow through the waveguide, the 

conduit comprising a material substantially transparent to microwaves; 

a housing for receiving and sustaining a swirl gas flow, the housing being connected 
with the waveguide so that the plasma can extend from the interior of the waveguide through 
the port into the housing, tiie housing being electrically conductive; 

20 a cooling coil connected wifli the housing for controlling the temperature of the 

housing; and 

an igniter movably connected with the waveguide, the igniter being capable of 
movement to a first position within the interior of the waveguide to facilitate plasma ignition 
and capable of movement to a second position substantially out of the interior of the 
25 waveguide in the presence of plasma. 
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"Howdesh II, Benjamin" 
<Benjamln.Howdeshell@b wn 
global.com> 

08/1 3/2003 01:53 PM 



Hello everyone, 

10:30 AM on Thursday, August 14th is confirmed for this call. Thank you for your 
responses . 

You may dial in to 866-687-8186, and use passcode 104095 to join the conference. 

Please let me know via email if you will not be able to join the call, or have 
problems dialling in. 

Thanks again and best regards, 
Ben 

Original Message 

From: Howdeshell, Benjamin 

Sent: Monday, August 11, 2003 1:23 PM 

To: 'watts . tm@pg. com' ; • Stone .am@pg. com' ; 'Valdez, Estela' 
Subject: RE: Call to discuss confidentiality/terms and conditions 



H i eve rybody , 

Just checking in again about this Thursday the 14th at 10 AM; is this 
convenient? If you could please get back to me before the end of the day today, it 
would help greatly with scheduling. 

Thanks , 
Ben 

Original Message 

From: Howdeshell, Benjamin 

Sent: Tuesday, August 05, 2003 11:52 AM 

To: 'watts.tm@pg.com'; 'Stone.am@pg.com'; 'Valdez, Estela' 
Subject: FW: Call to discuss conf identiality/terms and conditions 



Hello again everyone, 

I received your out of office replies to this original email, but now 
that everyone's back I'd like to ask if this Thursday, 7 August, at 10 AM is 
convenient for everybody? 

Please let me know and 1*11 send dial -in info in a separate email. 

Thanks , 
Ben 

Original Message 

From: Howdeshell, Benjamin 



To: Tammy Watts-TM/PGI, Angela Stone-AM/PGI. "Valdez. Estela' 
<Estela.Valdez@Bowne.com> 

Cc: 

Subject: RE: Call to discuss confidentiality/terms and conditions 



Sent: Wednesday, July 30, 2003 3:52 PM 

To: 'watts.tm@pg.com'; ' Stone . am@pg . com' ; 'Valdez, Estela' 
Subject: Call to discuss confidentiality/terms and conditions 



Dear all, 

I'd like to propose a conference call on Monday, 4 August, at 9:30 AM 
EST, to discuss the confidentiality agreement and terms and conditions for the 
upcoming translation project into Khalkha Mongol. I've attached the latest version of 
the confidentiality agreement (to my knowledge) and a copy of our terms and conditions 
for your reference. 

Present for Bowne Global Solutions will be me and Estela Valdez, legal 
counsel for Bowne, Inc. 

Please let me know if the day and time are convenient for you and I'll 
send dial -in coordinates in a separate email. 

Best regards, 
Ben 



Ben Howdeshell, Inside Sales Representative 

Bowne Global Solutions 

132 West 31st Street, 12th Floor 

New York, NY 10001 

Office +1 917 339 4733 ■ 

Fax +1 917 339 4777 

benj amin . howdeshell@bowneglobal , com 

www.bowneglobal .com ■<http : //www.bowneglobal .com/> 
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